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Introduction

The observed high unemployment in continental Europe and the slowdown
in economic growth in lasts decades naturally raise the question of whether
this two phenomena are related. On the empirical side, there is no consen-
sus regarding the sign of the correlation between growth and unemployment,
either across countries or across longer periods of time in the same coun-
try.! The same is true on the theoretical side.? Perhaps this is due to the
fact that the two rates are simultaneously determined in the economy. If
so, the rigidities on the labor market could affect not just unemployment
but economic growth, inducing even uncorrelated comovements on average.
However, whereas the institutions causing elevate labor costs are widely ac-
cepted as the primary cause for high unemployment in continental European
countries®, the statistical relationship between these variables and long run
economic growth is a moot point.?

Despite the divergences, the empirical results of Daveri et al. (2000), and
Adjemian and Langot (2006) about the explicative role of labor-market vari-
ables on the bad performance of European countries constitutes an interesting
point to be explored deeply. With this aim, in this paper we construct a the-
oretical economy to analyse the effects of labor market institutions on growth
and unemployment. Moreover, we conduct a welfare analysis to shed light on
the way to atteint the optimal outcomes. The main hypotheses of our model
are the following: (i) Innovations are the engine of growth. This implies a
“creative destruction” process generating jobs reallocation. (i7) Agents are
heterogeneous: the skilled arbitre between be employed in production or be
engaged in R&D activities, while the unskilled cannot be researchers, just
be employed in production; and (7 )there is no full employment because the

1See Mortensen (2004) for a wide review of the empirical literature, which shows the
diversity of results about the correlation between growth and unemployment.

2This is due to the offsetting nature of two main effects: a higher rate of growth in pro-
ductivity will reduce unemployment trough a positive “capitalization” effect on investment
in job creation; whereas the “creative destruction effect”, inherent to the growth process,
leads to a faster obsolescence of technologies and so to a faster rate of job destruction.

3See, among others, Blanchard and Wolfers (1999) and Daveri, Tabellini, Bentolila,
and Huizinga (2000)

4For instance, Layard and Nickell (1999) show that the relationship between
unemployment-causing variables and TFP growth is weak or nonexistent. Conversely,
Daveri et al. (2000) find positive correlation of labor taxes and growth, while Alonso,
Echeverria, and Tran (2004) report a negative significant impact of these variables on
growth. Lingens (2003) shows that unions cause unemployment, but has an ambiguous ef-
fect on growth. Mortensen (2004) that payroll tax subsidies increase (decrease) the growth
rate (the unemployment rate), whereas firing costs decrease unemployment but also the
growth rate.



trade unions representing each class of workers set the wage rates above the
competitive level.

We show that: (i) An increase in the unemployment compensation, or
in the payroll taxes payed by employers, or in the taxes payed by workers,
leads to bigger unemployment levels of both skills and to a slowdown of
the economic growth. () An increase in the cost of employment protection
increases just the unemployment of skilled, and decreases the rate of economic
growth. (7ii) A coordinated bargain process increases employment of both
skills. (iv) There exists an optimal taxation rule such that the equilibrium
growth rate equal the optimal growth rate. The paper is organized as follows.
Section 1 describes the model. Section 2 presents the analysis of the impact
of labor market institutions on growth and unemployment. Finally, section
3 shows the welfare analysis.

1 The model

1.1 Preferences

We suppose that the economy is populated by two categories of agents: skilled
workers, in a fixed quantity L®, and unskilled workers, in a fixed quantity L"*.
Each agent is endowed with one unit flow of labor, so L® and L"® are also equal
to the aggregate flow of labor supply of each category. Unskilled workers can
be employed in production (z**) or unemployed (u"*): L"* = x"* 4 u"*; while
skilled workers may be employed in production (z*), engaged in research and
development activities (n) or unemployed (u®): L® = x° + n 4+ u®. When
employed, workers pay a tax t“* on their wage income if unskilled, and ¢* if
skilled.

All individuals share the same linear preferences over lifetime consump-
tion C of the single final good:

U(C) = E, /O Y Gttt (1)

where p > 0 is the subjective rate of time preference and C; is the individ-
ual’s consumption of the single final good at time ¢. Each household is free
to borrow and lend at interest rate ;. However, given linear preferences, the
optimal household’s behavior implies p = r, Vt. Hence, the level of consump-
tion is undefined. One particular and popular solution to this problem is to
assume that households consume all their wage income without saving. In
this case we can analyze the impact of the unemployment benefit system.



1.2 Final-good sector

Final good is produced using the latest vintage of a unit continuum of inter-
mediate inputs,’

1
C:/ Aatdj, 0<a<1, jel0,1] 2)
0

A represents the productivity in the production of the latest vintage of inter-
mediate j and is determined by the number of technical improvements made
up to date t, knowing that between two innovations the gain in productivity
is equal to g > 1 (step size).

Taking the final good as numéraire the profits flow is equal to

1
C—/O p(xj)x;dj

1.3 Intermediate-goods sector

Production of each unit of intermediate good j requires one unit of each class
of labor as input:
j = (27°)"(25)' ™" a€(0,1) (3)

Since the final goods sector is perfectly competitive, the price of each
intermediate good, p(x;), is equal to the value of its marginal product:

oC 1y
p(x;) = Pl aAjrs 1 v (4)

L

1.4 R&D sector

For each intermediate good j, the technological spillovers lead to good-
specific public knowledge allowing to the potential innovators to begin their
efforts to improve upon the current “state of the art”. But there are no
spillovers between sectors. Then, when an amount n; of skilled labor is used
in R&D on good 7, innovations arrive randomly at a Poisson rate hn;, with
h > 0 a parameter indicating the productivity of the research technology: a
potential entrant obtains ideas for new products at frequency h per period.
Albeit the innovation frequencies are independent across goods, the expected
gains are the same everywhere, hence Vj n; =n = A; =A.

5We omit the time index since between two innovations all is constant.



1.5 Arbitrage condition for R&D

At the “state of the art” 7, the aggregate number of potential innovators is
given by the arbitrage condition faced by skilled workers:

(1 - tS)WST

— = Virn (5)
The cost of R&D can be thought off as an opportunity cost: the income that
the individual loses (1—#*)W7  times the expected duration of the innovation
process 1/h. On the other hand, Vj .1, is the discounted expected payoff of
next innovation on sector j,° and is determined by the asset equation:

Vi1 =100 — hne 1 (Ve + Erp) (6)

I1; -1 are the monopolistic profits earned by the successful innovator, which
gets a patent on her innovation, from the sales to the final goods sector until
the arrival of next innovation. We assume that the employment protection
laws imply a cost E of shutting down a firm, and that the monopolist pays a
proportional payroll tax 7% (7%) over unskilled (skilled) employment. Then,

Mo = aArnaf = Wil (L4702 Wi (L7254 (7)

so, the expected income generated by a licence on an innovation is equal to
the instantaneous profit minus the expected capital loss that will occur when
the current innovator is replaced by a new innovator (the flow probability
of the profits loss is the arrival rate hn,;; which is the same for all j).
By normalizing lasts expressions by the productivity level associated to the
(7 + 1) innovation we obtain:

_ [0} us us us S S S
Tjrs1 = Qg — wi*(L+7)2i ) —wi(l 4+ 7°)25 (8)
and

 Tjr41 hn.ye

Ujr4+1 = (9)
r =+ hn,iq
=1 us — We s = W? = £ =V
form =3, w’ =", w=",e=Zandv =7

1.6 Wage bargaining processes

For each skill and intermediate good sector there is a trade union representing
the workers’ interests. So the wage rates are the solution to a bargain problem

5Equivalently, the entry condition also reflects the fact that skilled labor can be freely
allocated between production and research: wj is the value of an hour in production while
qhvj r4+1 is the expected value of an hour in research.
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between the monopolist and each trade union. Given the bargain outcomes
the monopolist choose the labor demands that maximize her profit flow. We
assume that all jobs for the same skill are equally productive and that all
workers have the same unemployment benefits so that the wage fixed for each
type of job is the same everywhere. But the firm and the trade unions in
sector j are too small to influence the market, so the wage rates are fixed
taking everything else constant.

Taking as exogenous both the demand and the wage for skilled workers
(x8 = %, w$ = w*) the union anticipates the unskilled labor demand as

J 3 g
o2 (1—a)\ T-aa
7S a(l—a 1—aa
us (x],T+1) )

£ () = arg monc{my (222, wl)} = (

us
wj

Then, for 0 < g"* <1, the bargained unskilled wage is:

wi® = arg max{[((l — )i — b)xﬁﬂ]ﬂus (Tjr41 — hnryre — 7TT+1)1ﬁus}

_ (1%_ﬁw(2;cm><1_?ﬂs>

Tl = —w'xj  — hngye denotes the firm’s disagreement point and b = %
the adjusted unemployment compensation.

Similarly, taking both the demand and the wage for unskilled workers
“$ = ") the union anticipates the unskilled labor

as given (z%°

—_ ~pus
j = Ly, w
demand as

w?e

(- a>a2<:r:;+;+1>w> B
J

) = angmon (05 ) =

Then, for 0 < ° < 1 the bargained skilled wage is:

w; = arg max{[(l — t*)w; —b) j‘l‘+1][85 (741 — hnryie — i+1)1ﬁs}
_ 1+65(1—a(1—a)) b
a(l —a) 1—ts
where 77 = —w"*x}s 1 — hn,ye is the firm’s disagreement point.

1.7 Equilibrium

Given r > 0, for all intermediate good sector j and for all “state of the art”
T a steady-state (or balanced growth path) equilibrium is defined as
follows:



(i)

(i1)

(iii)

(i)

Wage rules:
b “(1l — aa
w = 1€1tw’ ﬁ1£1+7ﬁ (aa ) (10)
b #(1 — a1 — a))
= == =1 11
v 1—t b * a(l —a) (11)
Labor demands:
1
1—a(l—a) a(l—a) T—a
((1 +Tus)wus)1 —a(l-— a)((l +Ts) s) a(l—a)

1

oo ( a®(1 — a)l~2%a? >1a (13)

((1 + Tus)wus)aa((l +Ts)ws)1—aa
Moreover, demands are related as follows:
(==t
a(l —tw) (14 7%)F,

Unemployment:

Unemployment of unskilled workers is deduced from the employment
identity given the endowment of unskilled labor L"* and the demand
for unskilled labor "

uus — L’LLS o l,us (14)

while unemployment of skilled workers is deduced from the employ-
ment identity given the endowment of skilled labor L?, the demand for
skilled labor z® and the aggregate number of researchers %:
uw=L"—12"—n (15)

Economic growth: The rate of growth in aggregate consumption is
given by (see the appendix A):

g: = hnln(q) (16)
From the free entry condition (5) we deduce:
qghm — r(B5b
hn = W (17)
where
P— (1 B CY)(]_ + Tus)ﬁlbxus (18)
aa(l — tvs)

Thus, given the labor demand for unskilled workers, the unemployment
levels and the economic growth are well determined.
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2 The impact of labor market institutions on
growth and unemployment

2.1 Passive labor market policies

In this section we analyze the consequences for growth and unemployment of
a more generous unemployment insurance, (7i) bigger taxes on labor incomes,
and the (77i) employment protection.

Proposition. 1 a. An increase in the unemployment compensation (b), or
in the payroll tazes payed by employers (1%, 7°), or in the tazes payed
by workers (t*°, t°), leads to (1) an increase in the unemployment levels
of both skills and (ii) to an decrease in the economic growth.

b. An increase in the cost of employment protection e (i) increases the un-
employment of skilled, while unemployment of unskilled is unaffected,
and (ii)decreases the rate of economic growth.

Proof. a. We know that ZZM = —1, jx“us < 0 and d;lis > 0, and it
iS easy to ShOW that: aa%|m:b,7-usﬂ—s’tus7ts < O and g%|1'=b,7'“s,Ts,tus,t5 < O SO,

9g __ ghln(q) or
37|x:b,rus,rs,tus,ts = 52b+qheaj|x:byus,rs,tus,ts < 0.

This result is very intuitive: a bigger labor cost implies a higher wage
(equations (10) and (11)) and so a decline in the labor demand for produc-
tion (equations (12) and (13)). The total outcome is a contraction of the
monopolistic profits with the subsequent reduction in the expected value of
an innovation. This, together with the fact that the bigger wages make more
attractive production than R&D, tends to reduce the number of researchers.

Thus, the economic growth rate falls too.
8 us o 8 S . a us . 8 S .
b. ge_(‘;ve_o:> ge_aue_o'
Since the wage rates does not change, nor the labor demands, the solely

effect is a contraction of the profits. This discourages skilled workers to
engage in R&D activities, and then the growth rate falls.

2.2 The wage bargaining processes

The impact of the unions can be analyzed in two steps. First, for an unco-
ordinated wage bargaining process, one can derive the implications of a high
bargaining power. Second, we propose to compare the outcome of an efficient
bargaining process to the usual inefficient outcome computed above.



2.2.1 The bargaining powers

Proposition. 2 An increase in the workers’ bargaining power (in one or in
both of them) leads to an increase in the unemployment levels of both skills
and to an decrease in the economic growth.

Proof. Analogous to the proof of proposition 1la: % < 0 and
_ ghln(g) _ _ (1-a(l-a))in(q) ™ (r+hn)b
(ﬂ“s 5y < 0. So, 53 355 = Gabrahe Bﬁus < 0and g o = Babtqhe ((1—a)/32 T ai-a) )

2.2.2 Inefficient v.s. efficient bargain

If in each sector the monopolistic firm and each trade union bargain over
both the labor demand and the wage rate, the outcome is the efficient one
(E). That is, the wage and the firm size pairs are the solution to the following
problems:

(w}fi’fl, x?srfl) = arg max{[((l - tus)wﬁ’fl - b)xﬁfl]ﬁu
EN\1—3us

(Wfrﬂ hnTHe T )t g }

7E 7E E s
(Wjrin, Tjrpn) = arg max{[((l — t*)wj r+1 —b) }Sr+1]ﬁ

E E _s5,E \1-°
(M — hnze — 720) }

The firm’s disagreement points and the instantaneous profit flow are respec-
tively:

Fus — 5,.8
T = —walo —hngae
=S j— us . uS
Ty = —wzit i — hnqgae
FE o E a us, B us\ . us,F s, B s\ .S, F
Tirpr = a(@g)® —wi2n (1 +7%%)25 200 —wizy (14 7°)a5,

Then at equilibrium, for all j and for all 7:

wy = w* (19)
wy = w’ (20)
lftic(lfa) a(llfa)
x’lés — ’LLSBI —« /82 —« (21)
Ty = 5 ﬁzl ° (22)
1— 1- ao)
TE = KT, K= a(aﬁi il a)ﬁQ) 52 (23)
—«
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Proposition. 3 The efficient economy has bigger employment levels and
smaller rate of economic growth than the uncoordinated economy. As conse-
quence, the unskilled unemployment is lower in the efficient economy; how-
ever the relative position of both the skilled unemployment and the economic
growth rates is unclear.

Proof. Since 8; > 1 and (3, > 1, then 2" < 2% and 2° < x%. Con-
sequently, unskilled unemployment is smaller too: u** < u%’. However, the
signe of k is unclear.

3 Welfare Analysis

3.1 The impact of growth on welfare

This section concentrates on the impact on welfare, measured by the level of
the agents’ utility, of changes in the rate of economic growth. From equa-
tion (1) we know that utility is increasing in consumption so we shall first
determine the effects of variations in the growth rate on consumption. At
equilibrium C' = Az®, where A = ¢"™. Then,

oC e hn
= ° hln(q)¢"" >0
ZS = 2°nIn(¢)¢" >0

Similarly, from the expression for the growth of rate at equilibrium:

dg
dg

Then, the economic growth and welfare vary in the same way.

3.2 The optimal economic growth

In order to discuss deeply the impact of labor market institutions on welfare,
in this section we derive the average growth rate that would be chosen by a
social planner whose objective was to maximize the expected present value
of consumption, given by (see appendix B for details)

Aol’a

EO = =

(24)
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Then, the social planner will choose (2%, 2° n) to maximize (24) subject
to the labor constraints L** = x"* and L® = z° + n, and to the technological
constraint z = (2%*)*(2*)!=%. This problem is reduced to find the optimal
level of research nx, such that

AO(Lus)aa(Ls _ n)a(l—a)
Y= 25
n argmax{ T hn(g—1) (25)
The first order condition implies that
(L* =n")h(g —1) = a(l —a)(r — hn(q — 1)) (26)
From the technological constraint we have that
Jx/dx* (1 —a)x™® (1 —a)z*
= =1 S 27
Ox /Oxvs ax® =7 a (27)

Using (27) and the labor constraints the optimality condition (26) becomes:

(1 —a)L*h(qg—1)

- =a(l —a)(r—hn(g—1)) (28)

From this we deduce the optimal level of research:

r Lvs
* - _ 2
" hig—1) aa (29)

3.3 Equilibrium growth rate v.s. optimal growth rate

Given that the average growth rate is proportional to the number of re-
searchers, it is sufficient to compare the optimal level of research with the
equilibrium level of our economy, which is given by equations (17) and (18):

gh (152) (H52) Bib(L — ut®) — rfsb
h(B2b + qhe)

(30)

n =

In order to simplify the comparison between n* and n we rewrite (29)
and (30) respectively as:

q o 1) ( 1 ) Lus
- hn*(qg — 1) oy
a Tus /37 us __ ,,us\ __ h%he
() () E é)h(ﬁL u) — 2o (32)
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Remark that when there is just one kind of agents (a = 1) and there are
no labor market rigidities, n* and n are reduced to expressions in the Aghion
and Howitt (1998)’ canonical model. Thus, as in their model, we find the
following basic differences between n* and n:

D1 The social discount rate r — hn*(q — 1) is less than the market discount
rate r + hn.

D2 The private monopolist in unable to appropriate the whole output flow,
but just a fraction (1 — «).

D3 The factor (¢ — 1) corresponds to the so-called “business-stealing” effect:
the private researcher does not internalize the loss to the previous mo-
nopolist caused by an innovation.

In Aghion and Howitt (1998) distortions D1 and D2 tend to make the
average growth rate less than optimal, whereas D3 tends to make it greater.
Due to the offsetting nature of these effects, the market average growth rate
may be more or less than optimal. Indeed, in their model D1 and D2 domi-
nate when the size of innovations ¢ is large. At the opposite, when there is
much monopoly power (« close to zero) and innovations are not too large,
D3 dominates.

However, we have some other differences due to the rigidities and insti-
tutions working in the labor market, say:

D4 There is no full employment because the trade unions fix wages above
the competitive level: L% — u"® < L"*.

D5 The effect of the relative strength of trade unions, captured by the term

%, is growth enhancing if 5, > 3, & (170;’;)6”5 < (172((11:2)))[33. Else, the
relative strength diminishes economic growth.
D6 The cost of the employment protection implies a reduction of q%zze in

the numerator of (30).

D7 The taxes on labor imply an increase in the numerator of (30): 7= > 1

Clearly, D4 and D6 tend to make the average growth rate less than
optimal, whereas D7 tends to make it greater. Even if once again effects
are offsetting, the stark difference with D1 to D3 is that the effects of D4
to D7 depend on policy variables, and thus, at least theoretically, may be
controlled. This naturally suggest the question of wether the labor market
variables can reduce the gap between the optimal growth rate g* = g(n*)
and the market growth rate § = g(n). This issue is discussed in next section.
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3.4 Labor market institutions and convergence to op-
timal growth

As in Aghion and Howitt (1998)” model, because the effects discussed above
are conflicting, the equilibrium average growth rate may be more or less
than optimal. So we are interested on the possibility of reaching the opti-
mal growth rate by controlling key labor-market policy variables. From the
analysis in section 2 we deduce that the impact of labor market variables on
the level of research n is negative, i.e. g—z]Izﬁusﬂs,Tmﬁsytus,ts,e < 0. Thus, if
the structural parameters are such that the number of researchers is above
the optimal one, a positive adjustment of policy variables may be appealing,
and viceversa.

To conclude this welfare analysis we conduct two simple experiences of
economic policy to illustrate how the optimal outcome can be reached. With
this aim, let us consider the symmetric setting in which a = 1 —a, " = 3°,
T = 7% =7, and t** = t* = t. This imply g, = B2 = g and L" — u"® =

2

_1
U = (ﬁ) =%, where 1+ T = 1. Then, expression (30) becomes:

qh(1 —a)(1+T)"a(Bb) Ta SSqitaqros — b
h(b + qhe)

Proposition. 4 Given e =0 and n* > 0, there exists T such that n = n*.

n =

(33)

Proof.
n = n" <
a1 —a)(1+T) attars .
_ N
(55)E h hg—1) aa
l-a
1- e
1+T=( “ “2) il s
h(g—1)  aa (Bb)=

Inequahty comes from the fact that n* > 0 = h(q o> E’ since ¢ > 1,
then > L=

h(qfl) aa

Proposition. 5 Given T =0( < 7= —t) andn* > 0, there exists e such
that n = n*.

Proof.

14



o 14+« [

gh(1 — a)(Bb) TeaTeaT= —rfb e
h(Bb + qhe)  hlg—1)  aa
B [0-aetiars 1 (ws rq )
€= r hLvs 1 + - —
—1 aa (5[)) 1-o q aaq q— 1
hLus

Then, e > 0 < > L else, e < 0.

aa q—17

Concluding remarks

We have constructed a general equilibrium model in which economic growth
and unemployment are endogenously determined by the number of inno-
vations made in the economy, which in turn is determined by the skilled-
workers’ incentive to engage in R&D activities. We have shown that: ()
High labor cost or powerful trade unions leads to bigger unemployment lev-
els of both skills and to a slowdown of the economic growth. (i) An efficient
bargaining allows to have lower unemployment for both skills, at the price of
a lower growth rate, if the other labor market institutions still unchanged.
Finally, we have suggested a way to atteint the optimal rate of growth.
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A The Rate of Growth

The average growth rate of consumption good (or final output) is deduced as
follows: we know that between two consecutive innovations, say 7 and 7+ 1,
final output is augmented a fixed amount ¢, C;,; = qC,. Hence, between
date t and date t + 1 expected output is given by the following relationship

E[Ct+1] _ qfol hntdtCt (34)

since from the law of large numbers, the expected value of the number of
innovations (the aggregate arrival rate hn) is the same across sectors. Then,
by taking logarithms and arranging terms we have that

gt = E[InCyyy — InCy] = hnyIn(q) (35)

B Expected welfare

The expected welfare E(U) is defined as the expected present value of lifetime
consumption, but consumption is a random variable that takes the values
{ono‘, Apqz®, Aoz, ..., Aoqhx?, .. .}keN. Then,

EU) = /0 T et E(Cy)dt

= [T (f: ok, t)Atxg> dt

k=0

where p(k,t) = W

to time t. So,

is the probability to have exactly k& innovations up

00 k k )
E(U) — <Z (hnt) q )/ e—(r—i—hn)tAOxadt
0

= K

quefhntq

L ehntd = ehnta  Then,

Note that 72, (hn,?!qu = > ko o)

EWU) = Apx” /OOO e~ (r=hn(a=D)t gy

[ etrhnta=1)r 7%
- [‘r—hnm—nlo
B Agz®
~ r—nhn(g—1)
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